This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



Page Blank (uspto) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 ; 

B01D 47/00, A61L 9/12, B05B 5/025 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 97/28883 

14 August 1997 (14.08.97) 



(21) International Application Number: PCT/GB97/00353 

(22) International Filing Date: 6 February 1997 (06.02.97) 



(30) Priority Data: 

9602434.4 
9622991.9 



7 February 1996 (07.02.96) GB 
5 November 1996 (05.1 1.96) GB 



(71) Applicants (for all designated States except US): UNI- 

VERSITY OF SOUTHAMPTON [GB/GB]; Highfield, 
Southampton SOI7 IBJ (GB). RECKITT & COLMAN 
PRODUCTS LIMITED [GB/GB]; One Burlington Lane, 
London W4 2RW (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): FOX, Rodney, Thomas 
[GB/GB]; 30 South Street, Cottingham, Hull HU16 4AS 
(GB). HUGHES. John, Farrell [GB/GB]; 2 Shepherd's 
Close, Bartley, Southampton SO40 2JL (GB). HARRISON, 
Neale, Mark [GB/GB]; Tutbury, Burton -on -Trent, Staffs 
DE13 9HZ (GB). WHlfMORE, Lindsey, Faye [GB/GB]; 
49 Chase Farm Close, Waltham Chase, Southampton S032 
2UB (GB). 

(74) Agent: BOULT WADE TENNANT; 27 Furnival Street, 
London EC4A 1PQ (GB). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
HU, IL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MD, MG. MK, MN, MW, MX, NO, NZ. PL, 
PT, RO, RU. SD. SE, SG, SI, SK, TJ, TM, TR, TT, UA, 
UG, US, UZ, VN, YU, ARIPO patent (KE, LS, MW, SD, 
SZ, UG), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, 
TJ, TM), European patent (AT, BE, CH, DE, DK, ES, FI, 
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, 
TG). 



Published 

With international search report. 



(54) Title: METHOD OF PRECIPITATING AIRBORNE PARTICLES 
(57) Abstract 

A method of precipitating airborne particles from air comprising contacting the airborne particles with liquid droplets from a domestic 
aerosol spray device, a unipolar charge being imparted to the liquid droplets during the spraying of the liquid droplets by the aerosol spray 
device, the unipolar charge providing the droplets with a charge to mass ratio of at least +/- 1 x 10 4 C/Kg, and the unipolar charge being 
transferred between the liquid droplets and the airborne particles by contact which causes the airborne particles to precipitate due to mutual 
repulsion. 



:<WO 9726883A1> 







FOR THE PURPOSES OF INFORMATION ONLY 






Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 


applications under the PCT. 










AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Ana ma 


GE 


Georgia 


MX 


Me* ico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Fas© 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RL 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


CI 


Cote d'l voire 


LI 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


cs 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


cz 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


UG 


Uganda 


FI 


Finland 


ML 


Mali 


US 


United Slates of America 


FR 


France 


MN 


Mongolia 


uz 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



BNSDOCID: <WO 9728883A1> 



WO 97/28883 PCT/GB97/00353 

- 1 - 



METHOD OF PRECIPITATING AIRBORNE PARTICLES 

The present invention relates to a method of 
precipitating airborne particles and, in particular, 
5 to a method which is suitable for domestic use* 

Airborne particles such as dust aero allergens 
are believed to have a significant effect on 
individuals susceptible to allergies such as asthma* 
These particles reduce the air quality and can set off 
10 breathing difficulties when disturbed, for example 
after vacuum cleaning. 

We have now developed a method of reducing the 
problems caused by airborne particles by causing the 
particles to precipitate. 
15 Accordingly, the present invention provides a 

method of precipitating airborne particles from air in 
a domestic environment containing such particles, 
which method comprises contact i na, , the airb orne ^ 
j pa rt i c 2& s — n v i ronment w ^^^j^-^ 1 ^ ^^ 
20 droplets fr Q m * f??? 65 ]^ ■ ae mi° S ?i,p,i ^f^f/ ^Y^J^Jtmr 

^^SpTef^d^ing^^e spraying of the liquid droplets by 
the aerosol spray device, the unipolar charge being at 
a level such that the said droplets have a charge to 
25 mass ratio of at least +/- 1 * C/Kg, and the 

unipolar charge being transferred between the liquid 
droplets and the airborne particles by contact which 
causes the airborne particles to precipitate due to 
mu ^ad^^e pujj^ 

30 Preferably the liquid droplets have a charge to 

mass ratio of from +/- 1 x 10" 4 C/Kg to +/- 1 x 10 3 
C/Kg. The higher the charge to mass ratio of the 
liquid droplets, the more pronounced the precipitation 
of the airborne particles. 

3 5 The liquid which is sprayed from the aerosol 
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spray device is preferably a liquid which is in the 
form of a water and hydrocarbon mixture, or an 
emulsion, or which is converted into an emulsion by 
shaking the aerosol device before use, or during the 
5 spraying process. Examples of domestic aerosol 

compositions which are in a form suitable for spraying 
in accordance with the method of the invention are 
Dettox Anti-Bacterial Room Spray and Air Wick Neutrair 
manufactured by Reckitt and Colman Products Ltd. 
10 Whilst all liquid aerosols are known to carry a 

net negative or positive charge as a result of double 
layer charging, or the fragmentation of liquid 
droplets, the charge imparted to droplets of liquids 
sprayed from standard devices is only of the order of 
15 lx 10* 8 to 1 x 10" 5 C/Kg. 

The invention relies on combining various 
characteristics of the aerosol system in order to 
maximise the charging of the liquid as it is sprayed 
from the aerosol spray device . The optimum 
20 combination varies for -each product formulation. 

It is possible to impart higher charges to the 
liquid droplets by choosing the material, shape and 
dimensions of the actuator, insert valve and dip tube 
and the characteristics of the liquid which is to be 
25 sprayed, so that the required level of charge is 
generated as the liquid is dispersed as droplets. 

A number of characteristics of the aerosol system 
increase double layer charging and charge exchange 
between the liquid formulation and the surfaces of the 
3 0 aerosol system. Such increases are brought about by 
factors which may increase the turbulence of the flow 
through the system, and increase the frequency and 
velocity of contact between the liquid and the 
internal surfaces of the container and valve and 
3 5 actuator system. 
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Characteristics of the actuator can be optimised 
to increase the charge levels on the liquid sprayed 
from the container. A smaller orifice in the actuator 
insert, of a size of 0.4 5mm or less, increases the 
5 charge levels of the liquid sprayed through the 

actuator. The choice of material for the actuator can 
also increase the charge levels on the liquid sprayed 
from the device with materials such as nylon, PVC, and 
polypropylene tending to increase the charge levels* 

10 The geometry of the orifice in the insert can be 

optimised to increase the charge levels on the liquid 
as it is sprayed through the actuator. Inserts which 
promote the mechanical break-up of the liquid give 
better charging. 

15 The actuator insert of the spray device may be 

formed from a conducting, insulating, semiconducting 
or static-dissipative material. 

The characteristics of the dip tube can be 
optimised to increase charge levels in the liquid 

2 0 sprayed from the container. A narrow dip tube, of for 
example about 1.27mm internal diameter, increases the 
charge levels on the liquid, and the dip tube material 
can also be changed to increase charge. 

Valve characteristics can be selected which 

25 increase the charge to mass ratio of the liquid 
product as it is sprayed from the container. A 
smaller tailpiece orifice in the housing, of about 
0.65mm, increases product charge to mass ratio during 
spraying. A reduced number of holes in the stem, for 

30 example 2 x 0.50mm also increases product charge 

during spraying. The presence of a vapour phase tap 
helps to maximise the charge levels, a smaller orifice 
vapour phase tap, of for example about 0.50mm to 
0.75mm generally giving higher charge levels. 
35 Changes in the product formulation can also 
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affect charging levels. A formulation containing a 
mixture of hydrocarbon and water, or an emulsion of an 
immiscible hydrocarbon and water, will carry a higher 
charge to mass ratio when sprayed from the aerosol 
5 device than either a water alone or hydrocarbon alone 
formulation. 

Accordingly, in another aspect the present 
invention provides a method for imparting a unipolar 
charge to liquid droplets of a product which are 
10 sprayed from a domestic aerosol spray device at a 
level such that the said droplets have a charge to 
mass ratio of at least +/- 1 x 10" 4 C/Kg, the said 
method comprising choosing the material of the 
actuator, the size of orifice of the actuator, the 
15 diameter of the dip tube, the characteristics of the 
valve and the formulation of the product in order to 
achieve the required charge to mass ratio. 

T he liquid droplets sprayed from the aerjQ so-l-* 
spray device will generally have a range of droplets 
20 sizes in the range of from 5 to 100 micrometres, with 
a peak of droplets of about 40 micrometres. 

The liquid which is sprayed from the aerosol 
spray device may contain a predetermined amount of a 
particulate material, for example fused silica, or a 
25 predetermined amount of a volatile solid material, 
such as menthol or naphthalene. 

The method of the present invention accelerates 
the natural process of precipitation of airborne 
particles by indirect charging of the particles, 
30 thereby enabling the air quality to be improved 
quickly and conveniently. 

The present invention enables domestic aerosol 
products to be used to reduce the amount of airborne 
dust particles in a room with effect in a short space 
35 of time. The aerosol product reduces the 
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concentration of airborne particles in a room, making 
breathing easier, especially for allergy sufferers. 
The product would be of particular benefit directly 
following vacuum cleaning when the concentration of 
5 aero-allergens is elevated. 

The present invention will be further described 
with reference to the following Example. 

EXAMPLE 1 

10 

A cloud of airborne talc particles was generated 
in an airtight enclosure using a powder spray gun, and 
the natural precipitation rate was recorded on a 
series of clean microscopic slides, presented for 30 

15 seconds each, at 30 second intervals. The amount of 
talc on each slide was quantified by counting the 
number of particles in the field of view of a 
microscope, xl40 magnification, in 10 randomly chosen 
locations. The mean number of particles for each 30 

20 second interval was then calculated, and the values 

normalized to one to account for any variation in the 
cloud densities between experiments. The number of 
particles for the first 30 seconds after cloud 
generation was taken as one, and all the other values 

25 normalized to this point. The natural settling rate 
of talc was taken as the control. 

To assess the effect of a domestic aerosol 
product, Airwick Neutrair (Reckitt & Colman Products 
Ltd) on the rate of precipitation of talc, the aerosol 

30 was sprayed into the cloud for 5 seconds, 7 5 seconds 
after generation of the cloud using three different 
nozzle configurations. The precipitation rate of the 
talc under these conditions was recorded in the same 
way as previously described. The natural settling 

35 rate of talc was measured as a control 1, and the 
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procedure described was then carried out for the 
aerosol with a standard acetal nozzle 2 having an 
insert with a tapered hole, with a nozzle containing a 
brass insert 3 with a straight-through hole, and with 
5 a -10 kilo volts (KV) charge applied to the seam of 
the can from a high voltage power supply 4. Each 
experiment was repeated 3 times. 

Table 1 below shows the mean number of talc 
particles seen in the field of view for each of the 
10 different conditions described above. The data has 

been normalized. This data is represented graphically 
in Figure 1. 

TABLE 1 

15 



Time, seconds 


Control, 
natural settling 
(1) 


Aerosol, 
acetal nozzle 
(2) 


Aerosol, 
brass nozzle 
(3) 


Aerosol, brass 
nozzle, -10KV 
(4) 


30 


1 


1 


1 


1 


60 


0. 69 


0. 66 


0 .73 


1.06 


90 


0.54 


0. 54 


0.71 


1.01 


120 


0.42 


0.39 


0. 59 


0.77 


150 


0.47 


0.33 


0. 57 


0.58 


180 


0.53 


0. 50 


0.74 


0. 58 


210 


0. 54 


0.33 


0.44 


0.52 


240 


0.51 


0.35 


0.42 


0.46 


270 


0.49 


0.41 


0.40 


0.39 



This data shows that the aerosol with the 
standard acetal nozzle 2 does not increase talc 
precipitation above the normal rate of settling 1. 
30 With the brass nozzle 3 there is a small increase in 
pr cipitation, and with the application of a high 
voltage to the brass nozzle 4 the charge to mass ratio 
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shown in Table 2, below: 

TABLE 2 

5 



10 



Material 


I Charge to Mass Ratio 


Aerosol, standard nozzle 


+2.4 x 10* 6 c/Kg 


Aerosol, brass nozzle 


-2.7 x 10" 7 c/Kg 


Aerosol, brass nozzle, -10KV 


-9*1 x 10* 4 C/Kg 


Talcum Powder 


+7.8 x 10" 6 C/Kg 



EXAMPLE 2 



A dust cloud was generated in an air tight 

15 enclosure of approximately 66m 3 using 0.5 grams of 

house dust sieved to below 63 micrometres. The cloud 
was generated by blowing the dust for 1 second with 
clean, dry compressed air. The original density of 
the cloud 3 0 seconds after its generation was measured 

20 using a Malvern APC (air particle counter) 300A. The 
number of particles in 0.028m 3 of air was recorded 
into 8 size bands between 1 and 2 5 micrometres by the 
particle counter. Measurements were subsequently 
taken 2.0, 5.5, 11.5 and 21.5 minutes after the cloud 

25 was generated. The number of particles counted into 
each size band at each time point was converted into 
the percentage of particles remaining, of those 
present 30 seconds after generation of the cloud. 
This procedure was repeated 3 times and the mean 

3 0 percentage for each size band at each time point 
calculated. This represented the natural rate of 
clearing the dust cloud, and was used to compare 
particle clearing after the various treatments. 

To show the clearance rate of airborne parcels 
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following treatment with the standard Dettox Anti- 
Bacterial Room Spray product (Reckitt & Colman 
Products Ltd), a dust cloud was generated as before. 
A particle count was made 30 seconds after cloud 
5 generation, and considered to be the original cloud 
density* 1.5 minutes after cloud generation a 0.5 
second spray of the standard Dettox product was made 
into the dust cloud. Further particle counts were 
made 0.5, 4, 10 and 20 minutes after the spray of 

10 Dettox. These counts were therefore 2.0, 5.5, 11.5 
and 21.5 minutes after cloud generation, and can be 
compared to the particle counts during natural 
clearing. Again, this procedure was repeated 3 times, 
the data corrected for liquid droplets (as described 

15 below) , and converted into the percentage of particles 
remaining from the original cloud. 

The Malvern APC 3 00 particle counter measures not 
only solid airborne particles but also airborne liquid 
droplets. For this reason the particle counts taken 

20 after a spray of liquid aerosol must be corrected for 
the number of liquid droplets originating from this 
source. To do this a background particle count was 
first taken. The aerosol was then sprayed into the 
enclosure for 0.5 seconds, and particle counts taken 

2 5 after 0.5, 4, 10 and 2 0 minutes. The background 

particle count for each size band was subtracted from 
the droplet count to leave the count for liquid 
droplets alone. Three replicates were performed. The 
mean number of liquid droplets in each size band, at 

3 0 0.5, 4, 10 and 20 minutes after spraying the aerosol 

was then subtracted from the particle counts taken at 
these times after treatment of the dust cloud with the 
liquid aerosol. This leaves only the number of solid 
particl s which remain airborne. After conversion to 
3 5 percentage of sold particles remaining from the 
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10 



original cloud, these values can be compared to the 
percentage of particles remaining over time during 

natural clearing. 

The effect of three aerosol treatments were 
measured in this way. The standard Dettox aerosol, 
Dettox with an Acc-u-sol* (manufactured by Precision 
Valve UK Ltd) actuator with a 0.45mm MBU CO z insert, 
and standard Dettox with -10 KV applied to the seam of 
the can from a high voltage power supply. The effect 
of the treatments on particles of between 2 and 5 
micrometres is shown in Figure 2. The trend for a 
reduction in the number of particles remaining 
airborne which are of 1 to 2 micrometres and 5 to 25 
micrometres is very similar to that shown for 
15 particles of 2 to 5 micrometres. Figure 2 shows that 
30 seconds after spraying, for all treatments, with 
the exception of standard Dettox, the reduced particle 
concentration is maintained below the natural 
concentration level for more than 20 minutes. The 
20 standard Dettox product has a charge to mass ratio of 
3 x 10' 5 C/Kg. Treatment of a dust cloud with this _ 
product reduced the number of particles of this size 
remaining airborne by no more than 3 0%. The "Acc-u- 
sol" 0.45mm MBU CO actuator increases the charge to 
25 mass ratio to 6.5 x 10" 5 C/Kg, and accordingly effects 
a slightly higher reduction in the number of airborne 
particles remaining. Applying -10 KV to the Dettox 
aerosol artificially increases the charge to mass 
ratio to -6.5 x 10 4 C/Kg. Figure 2 clearly shows that 
3 0 Dettox with this level of charge reduced the 

percentage of 2 to 5 micron particles remaining 
airborne by about 60%. This evidence demonstrates — _ 
that dom estic room sprays with elev ated charge to mass 
Stios can significantl y reduce _t^number of airborne 
3 5 particl es in a broal-Spe F,^,","!, n^^ 5 ; — 
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The charge to mass ratio of domestic room sprays 
can be increased to the required level of 1 x 10" 4 C/Kg 
by the methods described herein. The product Air Wick 
Neutrair attains a charge to mass ratio of -2 x 10" 4 
5 C/Kg when sprayed through an "Acc-u-sol" actuator with 
0.4 5mm MBU C0 2 insert, and a valve system with 3mm 
(internal diameter) polyethylene dip tube, 0,65mm 
diameter housing orifice, 4 x 0.61mm diameter stem 
orifices and a 1.17mm diameter vapour phase tap. 
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CLAIMS : 

1. A method of precipitating airborne particles from 
air in a domestic environment containing such 

5 particles, which method comprises contacting the 

airborne particles in the domestic environment with 
liquid droplets from a domestic aerosol spray device, 
a unipolar charge being imparted to the said liquid 
droplets during the spraying of the liquid droplets by 
10 the aerosol spray device, the unipolar charge being at 
a level such that the said droplets have a charge to 
mass ratio of at least +/- 1 x 10' 4 C/Kg, and the. 
unipolar charge being transferred between the liquid 

droplets and the airborne -particles by contact which 

j 

15 causes the airborne particles to precipitate due to 
mutual repulsion . 

2. A method as claimed in claim 1, wherein the 
droplets have a charge to mass ratio of from +/- 1 x 

20 10" 4 C/Kg to +/- 1 x 10. 3 C/Kg. 

3. A method as claimed in claim 1 or claim 2 wherein 
the liquid droplets contain a particulate material. 

25 4 . A method as claimed in any one of the preceding 
claims wherein the liquid sprayed from the aerosol 
device is an emulsion. 

5, A method as claimed in any one of the preceding 
30 claims wherein the liquid droplets have a size in the 

range of from 5 to 100 micrometres. 

6. A method as claimed in any one of the preceding 
claims wherein the domestic aerosol spray device 

35 comprises an aerosol can * 
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7. A method for imparting a unipolar charge to 
liquid droplets of a product which are sprayed from a 
domestic aerosol spray device at a level such that the 
said droplets have a charge to mass ratio of at least 
5 +/- 1 x 10' 4 C/Kg, the said method comprising choosing 
the material of the actuator, the size of orifice of 
the actuator, the diameter of the dip tube, the 
characteristics of the valve and the formulation of 
the product in order to achieve the required charge to 
10 mass ratio- 
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♦ Control ( 1 ) + Aerosol, standard (2) A- Aerosol, brass (3) Wt Aerosol. -10KV (4) 
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